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[DocumeatNams] Specificatioii 

pTitle of the Invention] Semiconductor Light Emitting Apparatus 
[ClamsJ 

1 . A semiconductor ligjit emitting apparatas at least comprising, on a substrate: 
a confound semiconductor layer containing an active layer; 

a protection film having a stripe-shaped opening formed on the compound 

semiconductor layer; and 

a ridge type compound semiconductor layer having a smaller refractive index than the 
refractive index of the active layer, the ridge type compound semiconductor layer be'mg formed 
as to cover the stripe-shaped opening, 

wherein the width of the stdpe^haped opening has a shape narrower at an opening end 
than at an opening center. 

2. The semiconductor light emitting apparatus according to claim 1 , wherein the 
width of the stripe-shaped opening has a portion gradually increasing as coming closing to the - 
opening end from the opening center. 

3. The semiconductor light exxutting apparatus according to claim 1 or claim 2» 
wherein the width o£ the stripe-shaped opening is apjHoximalely unchanged around the opening 
end. 

4, The semiconductor light emitting apparatus according to any one of claims 1 to 3, 
wherein the width of the stripe-shaped opening at the opening end is no less than 0.5 nricron 
meter and no more than 10 micron meters. 

5. The semiconductor light emitting apparatus according to any one of claims 1 to 4, 
wherein no protection fxlm is formed on a ridge top and a side surface of the ridge type 
compoimd semiconductor layer. 

6, The semiconductor light emitting apparatus according to any oxne of claims 1 to 5, 
wherein a contact layer is formBd to cover a ridge top and a side surface of the ridge type 
compound semiconductor layer. 

7. The semiconductor light emitting apparatus according to any one of claims 1 to 6, 
wher^ a crystal growth plane of the substrate is (100) plane or its crystallographically 
equivalent plane, and wher^ a longitucfinal direction of a stripe-shaped opening of the 
protection film is [01^1] direction or its crystallographically equivalent direction. 
[Detailed Description of the Invention] 

[0001] 

[Held of the Invention] 

This invention relates to a semiconductor light emitting apparatus having a suitable 
structure for a ridge waveguide type semiconductor laser with a small beam spot diameter. 
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[0002] 

[Description of Prior Art] 

A irtructure sa<.alled as a ridge waveguide type is frequently used to easily pioduce 
se«»ccnductor light emittiug apparatuses. Rg. 4 shows a xoanufacturiBg method for such a 
stn^tux.. FI«t,ann.typecladlayer402.anactiveUyer403,ap-.ypecladlayer4^^^^ 
p.typecontactlayer405arefonnedonasubs«aie401. Subseqaendy. aphctoresx«408 
Lving stripe openings as a pattern made by photoUthogmphy is fonned on a wafer surface to 
form a stripe-shaped ridge by a wet etching process using the photoresist as a mask so that the 
p^lad layer xeniain. with a prescribed liuclcness. A protection film 409 having insulBrnxg 
property is formed on the whole wafer surface; the protection film at a top of the ndge as 
Lovedby photolithography; andap^deelectrode410andann.sideelectr^^ 
formed. The ridge structure thus formed can mate the transverse mode for laser osollahon 
stattlized and can reduce the threshold currents. 

^^^^ However with such a conventional manufacturing method for ridge waveguide type 

semiconductor Ught emitting apparatus, beca«« the ridge portion is formed by -J^cjung^^ 
^fficulttoconlxolthetMc,™ssofthccladlayerinanon-ridgeportion511w.thh.ghac^^ 

As a result. sUght differences in the thidmess of the clad layer in the non-ridge po^on make *e 
effective reftacdve index greatly deviated at that portion, thereby making the las« 

the semiconductor Ught emitting apparatus deviated and improvements in product yields not 

easily obtainable. 

^"^^ Tosolvesuchaproblem,amethodhasbeenproposedinwhichthethicknessofthe 

Clad layer of the non-ridge portion is determined using a cryst^ growth rate d^ng crystal 
growth^inwhichaprotection film is formed at the non-ridge portion, andinwhrch^^^^^ 

rortic»isre-grow„(seegeneraUy,JP-A.5.121.822,JP-A-9.199,79UIP^^^^^^^ 
,P-A^326.935. JP^A-10-326.936, JP-A-326.937. JP-A-326,938. JP-A-IO-326,945). Fig. 5 
showsproducingmethodandstmctu^forsuchalaserdevice. When the ridge portion is 
formed!alayerisselecdvelyre.grownlnusingapr<«ectionfilm 506 asamaskon stripe 

c^^SoUdap-typesecondclad layer 503 ^dap-type contact layer509a^^^^^^ 
^cumulated with trapezoid cross-sectional shapes according to isotropic nature m the grow* 
rate with respect to face orientation. With this method, the thickness of the i^type &st clad 
layer 504 in the non-ridge portion can be controlled with high accuracy, so that the effective 
refractive index can be conttoUed eaaly. 

However, the semiconductor light emitting apparatus thus manufactured by ttds 
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method also raises a problem. For example, the ridge wavegoide type laser as set forth in 
JP-A-5-121,822 should have a ridge width around one micron at the ridge top if an optical 
waveguide structure is maauf actoied to achieve a single fundamental transverse mode . 
Consequently, because the contact area between the contact layer and the electrode becomes so 
small, the contact resistance between the contact layer and the electrode may increase, and laser 
characteristics and reliability may be deteriorated due to oxidized surfaces of the clad layer at 
the ridge side waU. Therefore, it is difficult to iiiq)rove the product yield. 

In the case of the ridge wavegnide type laser as set forth in JP-A-199,791. because the 
bottommost portion of the ridge becomes in a reversed-mesa shape, the contact layer may not be 
formed, thereby raising problems such that the apparatus is easily oxicfized and thai the life time 
may be adversely affected. Since the electrode Is not easily formed at the bottommost portian 
of the ridge, the interconnection may be cut. thereby creating a problem that the production 
yield is adversely affected. Therefore, it is demanded to provide a senoicondwtor Ught 
emitting apparatus with high reliability and good yield in manufacturing. 
[OOOQ 

Meanwhile, optical discs are made with a higher recording density these days, and 
according to this, light sourees are developed vigorously. To make smaller the condensed spot 
diameter^on a disc plate, practical use of red lasers (635 to 690 nm). instead of near infirared 
lasers (around 780 nm), begins, and blue semiconductor lasers having wavelength of around 400 
to 420 nm, though in a stage of developments, are about to achieve longer Ufedme in a CW 
operation. On the other hand, to focus the spot on the disc plate by condensing the laser beam, 
the laser beam is preferably formed in a shape closer to a circular shape, but actually, the beam 
divergence angle in ahorizontal direction in a face parallel to the active layer is about one third 
in comparison with that in the vertical direction. Generally, a widened light intensity profile at 
the end face of the laser beam emission in the transverse direction causes the (Evergence angel 
in the horizontal (firectionto be small. Abeam having an divergence in a sh^ closerto a 
circular shape can be obtained by narrowing the width of the stripe-shaped openings and by 
making the optical intensity proffle at the emission end surface small, but the narrowed width of 
the stripe shaped openings incieascs current injections denaty to ihe active region, thereby 
promoting bulk deterioration, and raising a problem that the reliabiUty of the device may be 
lowered. Particularly, in a material for short wavelength Ugbt source such as AlGalnP based. 
AlGaInN based, and MgZnSSe based materials, this problem becomes serious due to larger bulk 
deterioration caused by current injections in comparison wth the conventional AlGaAs based 
material. If a beam closer to a circular shape is used, there are advantages such that the laser 
beam can be used with an an5>JCOved efficiency <i.e., Ught amount cut by lenses becomes small) 
and any coirection plate for beam shape becomes unnecessary. Therefore, it is demanded to 
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provide a semiconductor light eiuittiiig apparatus with a smaUer beam spot diameter operable in 

keeinng high reHabiKty. 

[0007] 

To Improve recording density of media such as a digital video disc as a center, a 
visible laser (generaUy, 630 to 690 nm) usins au AlGalnP based material starts used practicaUy 
as a light source for information processiiig instead of the conventional AlGaAs (wavelength is 
aronnd 780 nm)..but the fbUowing researches have been made to realize shorter wavelength, 
lower threshold, and high temperatuie operation. 

In a production of an AlGalnP/GalnP based visible laser device, use <rf a substrate 
having an off-angle ftom the (100) plane toward the [Oil] direction (or [0-1-1] direction) allows 
to prevent the band gap from narrowing due to formation (ordering) of namral super latfices. 
thereby rendering the wavelength shorter readily, facilitating high concentration doping of 
p-type dopants (e.g., Zn, Be. and Mg), and improving the oscillation threshold current of the 
device by enhancement of the hetero-bartier and temperature characteristics. If die off-angle is 
too smaU. step bunching appears oatstan<fingly. and large undulations are formed at the 
heteio-boundaiies, so that a shift amount in which the PL wavelength (or osciUation 
wavclehgdi) is shortened by quantum effects to the bulk active layer may be smaller than the 
designed amount where a quantum well structure (GalnP well layer of about 10 nm or less) is 
manufactured. If the o«f-angle is made lager, the step bunching is reduced, and the 
heteix>boondaries become flat, thereby making the wavelength shortet by the quantum effect as 
designed. Hius. a substrate having an off-angle of 8 to 16 degrees from the (100) plane toward 
the [01 1] direction (or [0-1-1] direction) is generally used to suppress formation of natural super 
lattices and generation of step bunclung, which impede the wavelength ftom becoming shorter, 
as well as to suppress the wcillaticm tiireshold current from increasing due to shortened 
wavelength from p-»ype Mgh concentration dc^g and impairment of tempwature 
characteristics. A proper off-angel should be selected in consideration of thickness and the 
stress amount of the GalnP well layer depending on the targeted wavelength such as 650 nm or 
635 nxn. In a meantime, if a substrate having a large off-angle is used for shortening the 
wavelength, there raises a problem that the transversely asymmetry of the ridge shape in the 
ridge waveguide type laser may affect the transverse asymmeliy of the light intensity pixjfile. 
[0008] 

[Problems to be solved by the fiivention] 

Various technologies have been developed so far as described above, but tiie ridge 
waveguide type semiconductor light emitting apparatus still has a room to be improved, and 
waits for developments of improved technology. It is an object to provide a better 
semiconductor Ught emitting apparatus capable of solving the problems on the prior art as 
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described above. That is, it is an object of the xnventioni to provide a semiconductor light 
emitting apparatus having a small beam spot diameter with high reliability and high production 
yield, 
[0009] 

[Means for solving the Problems] 

The inventors, as a result of diligent research to solve the above problems, found out 
that a semiccHiductor light emitting apparatus can be made with a small beam spot diameter in 
keeping higb relialnlity thereof where designing the width of a stripe shaped opening to have a 
shape narrower at an opening end (device end facet) than at an opening center (device center). 
They also discovered that formation of a contact layer as to cover a ridge portion and a side 
surface portion formed from re-growth to increase the contact area between the contact layer 
and an electrode, rediices the contact resistance and prevents a ridge side surface of the clad 
layer paiticixlarly including Al from oxidizing, thejeby improving the laser property and * 
relialnUty. Moreover; they discovered that, in a case where a substrate havir^ a large off-angle 
to afford a short wavelength likewise AlGalnP/GalnP based visible laser, transversely 
asymmetric imperty of the ridge shape in the ridge waveguide type laser is little affected from 
the transverse asymmetry of the light intense profile, so that a stable basic transverse mode can 
be obtained up to a high output operation, and they came to pro^dde this invention, 
[0010] 

That is, this invention is to provide a semiconductor light emitting apparatus having on 
a substrate at least a compound semiconductor layer contairung an active layer, a protection frlm 
having a stripe-shaped opening formed on the compound semiconductor layer; and a ridge type 
compound semiconductor layer having a smaller refractive index than the refractive index of the 
active layer, the ridge type compound semiconductor layer being formed as to cover the 
stripe-shaped opening, wherein the width of the stripe-shaped opening has a shape wider at an 
opening end than at an opening center. 
[0011] 

As desirable embodiments of the semiconductor light emitting apparatus according to 
the invention* exenq^lified are: an embodiment having a portion in which the width of the stripe 
shaped opening gradually increases from the opening center to die opening end, an enxbodiment 
in which the width of the stripe shaped opening is approximately constant around the opening 
end, an embodiment in which no electrode is formed except the nearest portion of the end fecet 
of the ridge type compound semiconductor layer, an embodiment in which the width of the 
stripe shaped opening is no less than 2 micron meters aad no more than 1000 micron meters, an 
embodiment in which the compound semiconductor lay r including an activ layer has a layer 
of a refractive index smaller than that of the active layer on a substrate side of the acdve layer 
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(first conductivity type clad layer) aad on a protection film side of the active layer (second 
conductivity type clad layer), respectively, an embodiixkenc in which no protectioo film is 
formed on the ridge top and side surfaces of the ridge type compound semiconductor layer» an 
embodiment in which a distance between the active layer and the protection film is no less than 
0.2 micron meter and no more than 0-5 micron meter, an embodiroent in which a contact layer is 
formed as to cover the ridge top and side surfaces of the ridge type compound semiconductor 
layer^ an embodiment in which a clad constimting the ridge type compound semiconductor layer 
is made of a clad containing Al, an embodiment in which the contact layer selects to cover the 
ridge top and side surfaces in a longitudinal direction of the stripe shaped openings an 
embodiment in which a crystal growth plane of the substrate is ( 100) plane or its 
crystallograpbically equivalent plane and in which a longitudinal direction of a stripe-shaped 
opening of the prot^on film is (01-1] direction or its crystallographically equivalent direction, 
an embodiment in which a part of tjhe ridge type compound semiconductor layer overlaps on the 
protection film, an embodiment in which an anti-oxidation layer constitutes a bottom of the 
stripe shaped opening where the anti-oxidation layer is formed on the second conductivity type 
first clad layer, an embodlroeni in which ^e suifece of the substrate has an off-angle with 
respect to a low degree plane direction, and an embodiment in which a Car field pattern has a 
single peak. 
[0012] 

[Embodiments of tiie Invention] 

Hereinafter, referring to details of respective layers and an example of the 
manufacturing process, a semiconductor light emitting apparatus according to the invention is 
described specifically. 

A method for growing a crystal during manufacturing the semiconductor light emitting 
apparatus according to the invention is not specifically limited^ and known growing methods, 
such as MOCVD method or MBE method, can be used for crystal growth of a DH (double 
hetero) structure. Tbt substrate used for the semiconductor light enntting apparatus according 
to the invention is not specifically limited as far as allowing a double Iwtero structure crystal to 
grow on the substrate. What is preferable is a conductive roaterjaU and desirably, the substrate 
is a crystal substrate made of, e-g., GaAs, M* GaP, ZnSe, ZnO, Si, ^ AI2O3 suitable few- 
growth of a crystal thin film on the substrate, more preferably, a crystal substrate having a 
zinc-blende structure. The crystal growth surface on the substrate is a low degree 
crystallographic plane or a crystallographically equivalent plane, more preferably a (100) plane. 

In this specification, "(100) plane" is not necessary to be strictly a just (100) plane 
and can encompass cases that the substrate has an off-angle of 30* at most In regard with the 
scale of the off-angle, the upper limit is preferably 30' or less, more preferably 16** or less. 
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whereas the lower limit is preferably 0^* or greater, moie preferably 2° or greater, further 

pieferaWy 6^or greater, and most prefaably 10° or greater, 

[0013] 

The substrate smy be a hexagonal system substrate^ and in such a case, AI2O7, 6H-SiC, 
etc, can be used. 

The compound semiconductor layer containing an active layer, formed on the substrate, 
generally includes a layer having a refractive index smaller than the active layer on each of 
upp^ and lower ddes of the active layer. A layer on the substrate side functions as a first 
conductive type clad layer^ and a layer on the other side, or the epitaxial side, functions as a 
second conductive type clad layer. The compound semiconductor layer may contain a lay^ 
functioning as an optical guide layer. 

The ridge type compound sen^iconductor layer containing the layer having a smaller 
le&active index than that of the active layer formed on the stripe shaped opening is generally 
made of a second conductive type second clad layer as a major portion. The compound 
semiconductor may contain a layer functioning as^ e.g., an optical guide layer, other than the 
second conductive type second clad lay^. The substantial whole surface of the ridge top and 
the side surface is preferably covered with a contact layer having a low resistance. 
[0014] 

The clad layer, the active layer, and the contact layer are not specifically limited, but it 
is preferable to xise a genial group HI-V or 11- VI semiconductor such as AlGaAs, AlGalnAs, 
AlGalnP, GalnAsP, AlGaInN, BeMgZnSe, MgZnSSe, and CdZnSeTe, and to produce a double 
hetero structure in which the active la.yer is sandwiched by the two clad layers. As a clad layer, 
a matenal having a smaller refractive index than that of the active layer is selected, and as a 
contact layer, a mgtmai having a narrower band gap than that of the clad layer is selected. As 
a proper carrier density of a low resistax>ce to $Bia an ohmic contact with electrodes, the lower 
limit is preferably 1 x 10** cm'^ or greater^ more preferably, 3 x lO" cm"^ or greater, most 
preferably, 5 x lO" cm'^ or greater. The upper hmit is preferably 2 x lO^'^ero'^ or less, more 
preferably, 5 x lO'^'cm'^ or less, most preferably, 3 x lO'^cm"^ or less. The active layeris not 
limited to a single layer and can be a single quantum, well stmcture (SQW) composed of a 
quantum well layer and optical guide layers vertically sandwiching ttie quantum well layer or a 
multiple quantum well structure (MQW) composed of plural quantum well layers, bander layers 
sandwiched between the quantum well layers^ and optical gmde layers respectively formed on 
the uppermost quantum well layer and under the lowermost quantum well layer. 
[0015] 

The protection film is not specifically limited but it is necessary to perform current 
injections only to a region of the active layer located below th ridge portion, which is fonned at 
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a stripe shaped opemng* That is, to confine cuirents by the protecdon film on both sides of the 
stripe shaped openings the protection film has to be insulation. TTie refractive index of the 
protection film is preferably smaller than that of Che clad layer to ^ve effective refractive index, 
difference between the ridge portion and the non-ridge portion in a transverse direction in the 
active layer and to stabilize the transverse mode of the laser oscillation. However, as a 
practical matter, if the refiractive ind^x dififeience is too large between the protection film and 
the clad layer, the second conductive type first clad layer below the ridge has to be thicker 
because the effective refractive index step in the transverse direction tends to be larger in the 
active layer, thereby increasing leak cuitents in the transverse directim. To the contrary^ if the 
refractive index difTerence is too small between the protection film and the clad layer^ the 
protection film has to be formed thicker to some extent since the light easily leaks outside the 
protection film, but this tends to impair the cleavage property. In consideration of those, 
together, the lower limit of the refractive index di^erence between the protection film and the 
clad layer is 0.2 or greater, more preferablyj 03 or greater, and most preferably, 0^ or greater. 
Hie upper limit is 3.0 or Iess» more preferably, 2.5 or less^ and most preferably, 1.S or less. 
There would be no problem, in regard with the thickness of the protection film« as far as the 
protection film can show a sufficient insulation property and has a thickness such that light does 
not come outside the protection film. The lower linait of the protection film is preferably 10 
nm or greater, more preferably, 30 nm or greater* and most preferably, 50 nm or greater. The 
upper limit is preferably 500 nm or less, more preferably, 300 run or less, and most preferably, 
200 xun or less- 
[00X61 

The protection film is prefSerably a dielectric, and more specifically, can be selected 
preferably from a group of SiNx film, SiOz film, SiON film, A1^0^ film, ZnO film, SiC film, and 
amorphous Si fOm. The protection film is used as a mask for formation of the ridge portion 
through a le-growth using an MOC VD method and is also used for the purpose of current 
squeezing. For simplifying the process, it is preferable to use a fibn having the same 
composition commonly for current squeezing and for selective growth, but layers having 
different compositions may be formed as a multilayer when necessary. 

Where a zinc-blende type substrate is used and where the substrate surface is a (100) 
plane or its crystallographically equivalent plane, it is preferable that the longitudinal direction 
of the stripe shaped opening (the extending direction of the stripe) is extending in a [01-1] 
direction or its crystallographically equivalent direction to readily grow a contact layer, as 
described below, on the ridge top and the side surface. At that time» the most portion of the 
ridge side surface becomes (3 11) A plane in many cases, and it is possible to grow a contact 
layer on substantially the whole surface, on which a layer can be grown, on the second 
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conductive type second clad layer forxniQg the ridge. This tendency is particularly remarkable 
when the second conductive type second clad layer is AIGaAs, particularly, AIGaAs having an 
AlAs content of 0,2 to LO, preferably, 03 to 0.9, more preferably, 0.4 to O.S, The off-angel 
dizection may be preferably within ± 30° from a direction perpendicular to the longitudinal 
direction of the stripe shaped opening, more preferably a direction within ± 7^ and further more 
preferably within ± 2*. The longitudiiial direction of the stripe shaped opening is preferably, a 
[0-11] direction or a crystallographicaily equivalent direction in the case whejre the 
crystallographical plane of the substrate is (100), and the off-angle direction is preferably within 
± 30^ from a [0-11] direction or a crystallographicaily equivalent direction, more preferably a 
direction within ± 7', and further more preferably within ± 2°. It is to be noted that in this 
specification. **[01-1] direction" indicates that the [01-1] direction is defined so that in general 
for m-V group or E-VI group semiconductor, the [1 1-1] surface existing between the (100) 
plane and the [01-1] plane becomes a plane at which the V group element or the VI group 
element a{^ars. 
[0017] 

The semiconductor light emitting apparatus of the invention is not limited to an 
embodiment having the stripe shaped opening extending in the [01-1] direction. Hereinafter, 
other embodiments axe described- Where the stripe shaped opening extextds in the [01 1] 
direction or its crystallographicaily equivalent direction* die growth rate can be made 
anisotropically in association with, e.g., the growth condition, so thai the rate is fast on the (100) 
plane whereas almost no growth is made on the (IIl)B plans. At that time, if the growth is 
made selectively on a (100) plane of the stripe shaped opening, a ridge shaped second 
conductive type second clad lay^ is formed with the (lll)B plane as a side surface* In such a 
case, when the contact layer is subsequently formed, the contact layer is fcHrmed entirely on the 
ridge top made of the (100) plane as well as on the surfaces of the ridge top and the side surface 
made of the (11 1)B plane, by selecting conditions for creating more isotropic growth. 

From substantially the same reason, when a wurtzite type substrate is used, as a 
cfirection that die stripe region can extend, it is preferable to use, e.g., (11-20] or [l-lOO] 
direction on (0001) plane. For HVPE (Hydride Vapor Phase Epitaxy), any direction can be 
used, and for MOVPE, [1 1-20] direction is preferable- 
[0018] 

When the semiconductor light emitting apparatus of the invention is designed, the 
thickness of the active layer and the composition of the clad layer are first determined to obtain 
a desired vertical divergence angle. If tlie vertical divergence angle is made narrower, light 
encroachment from the active layer to the clad layer is promoted, thereby reducing the optical 
density at the end facet, and irr^oving the optical damage (COD) level at the light emission 
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surface. Accordiiigly^ when a high output operation is necessary, though the vertical 
divergence angle is set relatively narrow, thone is a limitation^ as for a lower side, to suppress 
iDcrease of the oscillation threshold cuxrents due to reductioD of light confinement in the active 
layer and reduction of the temperature characteristics due to overflow of carriers. The lower 
limit is preferably 15° or higher, more preferably 17* or higher, and further more preferably 19* 
or higher. The upper limit is preferably 30° or lower, more preferably 27" or lower, and further 
more preferably 25" or lower. 

When a vertical divergence angle is detenxdned, structural parameters greatly 
controlling a high output characteristics are a distance dp between the active layer and the 
protection film and a width W (hereinaffcer referred to as "stripe width'*) of the stripe shaped 
opening when seen in a vertical direction to the compound semiconductor layer. Geioerally, 
between the active layer and the protection film only the second conductive type first clad layer 
exists, and in such a situation, the distance dp is a thickness of the second conductive type first 
clad layer. When the active layer has a quantum well structure, the distance between the active 
layer closest to the protection film and the protection film becomes numeral dp. To realize 
lasers with achievements of high output operation and with beam closer to a circular shape in 
maintaining high reliability, it is necessary to set the distance dp and the width W in a proper 
range with good controllability, 
(0019J 

To realize a beam close to a circle, it is effective to narrow the stripe width, but 
injection current density turns into an unfavorable state from a viewpoint to suppress the bulk 
deterioration. Therefore, reduction of beam spot and low operation current operation can be 
realized at the same time, and high reliability can be maintained, where the center width W2 of 
the stripe shaped opening serving as a gaining region is made relatively broad whereas the end 
width Wl is made relatively narrow. That is, an end (cleavage surface) width Wl preferably 
has an upper limit of 10 fim or less, more preferably 5 jam or less, and further more preferably 3 
}Xm or less, and a lower limit of 0.5 pm or greater, and more preferably 1 ^im or greater. As for 
the center width W2, the upper limit is preferably 100 pun or less, more preferably 50 pm or less. 
The lower limit is preferably 1 |am or greater, more preferably 1.5 pm or greater, and further 
more ^ferably 2,2 jxm or greater. Differences between the end width Wl and center width 
W2 have an upper liimt of 100 iLun or less, more preferably 50 \im or less. The lower limit is 
preferably, 0,2 \xcnor greater, more preferably 0.5 iim or greater. 
[0020] 

To render the transverse mode a single mode (having a li^t intensity profile in the 
transverse direction with a single peak), the stripe width cannot be made so large from 
viewpoints to cut off higher degree modes and to prevent hole burning from occurring, so that 
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an upper limit of the end width Wl is preferably 5 jjro or less, more preferably 4 |un or less. 
The center width W2 preferably has an upper limit of 6 pm or less> more preferably 5 \im or less, 
la regard to the differences between the end width Wl and center width W2, the upper limit is 
preferably 5 |am or less, more preferably 3 fim or less, and further more preferably 2 or less. 
The lower Umit is preferably 0-2 \xm or greater, more preferably 0.5 >im or greater. 
10021] 

The stripe shaped opening preferably has a portion gradually increasing or decreasing 
the stnpe width &om the center to the end. The end desirably has a portion with an nnchanged 
stripe width. Those lengths of the gradually increasing or decreasing portions and the portion 
with the unchanged stripe width can be detersuned as appropriate for characteristics tai^geted by 
the semiconductor light emitting apparatus. The lengths of the gradually irtcreasing or 
decreasing portions are, firom a viewpoint to reduction of waveguide loss, preferably 5 to 10 jim, 
more preferably 10 to 50 jim- The length of the portion of the unchanged stripe width is, from 
a viewpoint to accuracy in cleavage* preferably 5 to 30 \xm, more preferably 10 to 20 (om. The 
stripe shaped opetdng may be produced according to necessity as follows; 

(1) Asymmetric openings where the stripe width and/or length of the p<^on with the 
unchanged stripe width and/or the graduaUy increasing or decreasing portions are not the same 
with respect to the respective end of the chip; 

(2) Openings haviDg no unchanged width portion but having width gradually 
increasing or decreasing up to the end; 

(3) Openings where one exid (typically, a front end facet as the light emission side for 
high output) is only formed with the stripe width gradually increasing or decreasing; 

(4) Openings having a front end facet and a rear end facet different from each other in 
regard to the stripe width at the end; and 

(5) Opening having a combinaiion of some of (1) to (4). 

[0022J 

It is effective to suf^Htess bulk deterioration due to current injection to the stripe 
shaped opening around the end and to reduce recombination cunrents at each end in avdLding 
formation of any electrode around ciach end for facilitating production of a laser having a small 
beam spot with high reliability. 

In general, when a stripe width in the semiconductor layer is determined by etching 
(partictilarly, wet etching), if the stripe width is made gradually increaang or decreasing, tiie 
edge of the stripe changes stepwise due to fuzziness on the stripe edge because some specific 
plane selectively comes out readily, this stepwise undulation at the edge readily causes disorders 
such as ripples in the far field pattern in the horizontal cfirection* a larg side peak» and the like. 
On the other hand, with a desirable embodiment of the invention, because the stripe width 
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gradually increasing or decreasing porticos are formed by etching of SiNx aznoiphous film, the 
stripe width can be increased or decreased linearly, so that an isolated single peak can be formed 
easily witbcrut ripple or side peak. 



With respect to the distance dp, an upper limit is preferably 0.60 ^m or less, more 
preferably 0.50 \xm or less, further mote preferably 0.45 pm or less, and still further more 
preferably 0.40 |im or less. A lower limit is preferably 0.10 fim or greater, more preferably 
0.15 |im or greater, and further more preferably 0.20 fun or greater. It is particularly 
recommended that dp is 0-25 |Lun to 0.45 \xm. However, the above optimum range may be 
shifted depending on the use object (such as settings of divergence angle, etc.) and materials 
(such as refractive index, resistance, etc.). Widt respect to the optimum range, it should be 
noticed that the above structural parameters 0>ay affect each other. 

It is to be noted that if the second conductive type second clad layer is structured of a 
m-V group compound semiconductor containing Al such as AlGaAs, it is preferable to use a 
nt-V group compound semiconductor not containing A] such as GaAs to cover substantially the 
entire surface to which the crystal can be grown because the compound semiconductor prevents 
the surface from oxidizing. 



When the semiconductor light emitting apparatus according to the invention is 
n^ufactured, after fanning a double hetero structure is formed, a ridge type second conductive 
type second clad layer and a second conductive type contact layer are selectively grown using a 



without forming a protection film on the ridge top and the side surfaces. The specific 
conditions for growing the respective layer may vary depending on the layer*s composition, 
growing method, shape of the apparatus, etc., and in a case that a compound semiconductor of 
group m-V is grown by the MOCVD method, preferably, the double hctero-structtrre is formed 
at a growing temperature of about 650 to 750 "C with a V/m ratio of about 20 to 60 (in the case 
of AlGaAs) or about 350 to 550 Cm tiie case of AlGalnP), whereas the ridge portion is formed at 
a growing tenqieralure of 600 to 700 with V/m ratio of about 40 to 60 (in the case of 
AlGaAs) or about 350 to 550 (in the case of AIGalnP), Where the ridge portion selectively 
grown in use of the protection film contains, particularly, AI such as in AlGaAs and AlCjaloP, it 
is very preferable if a very small amount of an HQ gas is introduced daring the growth, because 
die gas prevents polycrystals from depositing. However, as the AL is contained much more in the 
composition, or as tiie ratio of the mask portion to the opening is higher, a necessary 
introduction amount of HQ increases for making a selective growth only on the opening 
(selectiv mode) in {»eventing polycrystals from depositing where other growing conditions are 



[0023] 



[0024] 



protection film, and it is preferable to form electrodes on the ridge top and the side SDx^es 
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unchanged. On the odier hand, if the HCl gas is introduced too much^ the AlGaAs layer may 
not be grown, and conversely, although the semiconductor layer is etched (etching mode), a 
necessary introduction amount of HO increases for entering to the etching mode as the Al is 
contained much more in the composition, even where other growing conditions are unchanged. 
The optimum introduction amount of HCI greatly depends on a molecular number of the group 
m source supply including Al such as trimcth>ialuniinum or the like. More specifically, the 
ratio of the supply molecular number of HQ to group IE source supply molecular number 
including Al (HCl / Group JSX) is preferably 0.01 or moie* more preferably 0.05 or more, and 
further more preferably 0.1 or more. An upper limit is preferably 50 or less, more preferably 10 
or less* and further more preferably 5 or less. It is to be noted that ridge component control 
tends to be dif&cult when a compound semiconductor layer containing In at the ridge is 
selectively grown (particularly, HCl introduction). 
[0025] 

The preferred semiconductor light emitting apparatus according to the invention 
includes, on a substrate> at least a compound semiconductor layer containing an active layer, a 
protection ^m having a stripe shaped opening formed on the layer, a ridge type compound 
semiconductor layer having a smaller refracdve index than that of the active layer on the stripe 
shaped opening, and a contact layer formed on substantially the entire surface of the ridge shape, 
and the semiconductor light emitting ^paratus can realize a high output operation where the 
width of the stripe shaped opening is set &om 2.2 ym to 1,000 pm, and the resistance of the 
entire apparatus can be reduced to a low value by creating an adequate contact area between the 
contact layer and the electrodes adjacent to die contact layer and the second conductive type 
clad layer. A portion of the ridge top and side surfaces on which the contact layer is formed 
can be covered with a protection film for the purpose of preventing the layer from oxidizing or 
the liloe. In this embodiment, the apparatus can Imve a lower resistance in conqxaiison with an 
apparatus formed with a protection film without forming any contact layer on the ridge side 
surface, and falls within the scope of the invention. It is particularly elective to reduce the 
resistaiKe of the entire apparatus where a material having a high specific resistance such as 
AlGalnP based and AiGaInN based (especially, of p-type), 
[002^ 

In another preferred embodiment of the invention, a portion of the ridge type 
compoimd semiconductor layer having a smaller refractive index than that of the active layer 
formed on the stripe shaped opening is formed as to overlap the protection film. The 
overlapped portion of the second conductive type second clad layer over the insulaticm film is 
0.01 Jim as a lower limit, more {nneferably 0.1 jiun ox greater, and as an upper limit, preferably 
less than 2.0 jam, and more preferably 1.0 ^m or less. Use of such an embodiment improves 
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th« controllability of the light profile encroaching around boundaries between the protection 
film and the ridge bottom, thereby reducing optical absorption at the contact layer formed on the 
ridge top and the side surfaces. If this embodiment is used, a protection film formed on the 
side surfaces of the ridge portion is not always necessary unlike the conventional ridge 
waveguide type laser, so that such use is advantageous for simplification <rf the processes and 
cost reduction, A structure not having any protection film made of an insulation on the ridge 
side surfaces is Uttle influenced with undulations on the edges of the gradually increasing or 
decreasing portions of the stripe width because the ridge portion grows in the transverse 
direction. Accordingly, the semiconductor light eimtting apparatus having such a structure can 
obtain a good single peak having no ripple side peak in the far field pattern in die horizontal 
direction. 
[0027] 

With another preferable embodiment of the invention, the width of the stripe shaped 
opening is characterized in a size of 4 pin or less, and this feature allows the transverse mode to 
be a single mode (light intensity profile in the transverse direction having a single peak). 

Hie semiconductor light emitting apparatus of the invention can form the far field 
pattern to be asingle peak, so that the apparatus can be used to provide a desirable laserfor 
broad applications such as infwination processing and optical teleconomunication. 

The senriconductor light emitting apparatus of the invention can have a clad layer 
formed between tiie active layer and the protection film, and where tiie thickness of tiie clad 
layer is set to 0.10 ^un or greater or 0.50 jim or less, a l«gh output operation can be reaHzed 
easily with the width of the stripe shaped opening. 

In the semiconductor li^t emitting apparatus of the invention, where the protection 
film is made of a dielectric such as SiN, film, SiOj film, SiON film, Al^O, film, ZnO film, SiC 
film, and the like, the apparatus can readily realize a high output operation under the above 
condition. At that time, it is preferable to set the refiracti ve index difference between tiie 
protection film and the second conductive type first clad layer at the oscillation wavelengdi 
equal to ch: higher than OS and equal to ot less than 2 0, 
[0028] 

The hei^t (thickness) of the second conductive type second clad layer is preferably 
set to about 0.25 to 2.0 times of tiie widtii W of the stripe shaped opening as described above. 
If witiiin tiiis range, it is inferable because die second conductive type second clad layer would 
not be projected so much in comparison witii tiie current block layer or ridge dummy layer as 
described below, because the device life wodd not be affected due to stresses exerted to tiie 
ridge portion when die d vie is used in a manner of tiie junction down, and because post 
processes such as a forming process for el ctrodes are done easily since it is very low in 
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comparison with its vicinity. 

WiXh the invented semiconductor ligiht cmittiiig apparatus, a clad in the lidgq shape is 
formed by re-growth where an antio:ddant layer is fonned on a side of epitaxial surf^e of the 
DH structure, thereby easily preventing a high resistance layer* which may increase a passage 
resistance at re-growth boundaries from occurring. 

As the antioxidant layer, there is no special linaitatioa on selection of the material as jfer 
as it is hardly oxidized or it is cleaned up easily. More specifically, a compound 
semiconductor layer of BI-V group having a low containing rate of readily oxidized elements 
such as Al (about 0.3 or less) is exemplified. It is preferable that the antioridant layer does not 
absorb light from the active layer by selecting the material or thiclcness of the antioxidant layer 
to avoid the operation current from increasing. The niatcrial of the antioxidant layer can be 
ordinarily selected firom materials having a wider band gap than that of the active layer material, 
but a material, even where its band gap is narrow, can be used where the thickness is 50 nm or 
less, prcferaWy, 30 nm or less, more preferably, 10 nm or less because light absorbing can be 
substantially neglected. 
[0029] 

'With the embodiment, the profile controllability of light otherwise encroaching 
adjacent regions between the protection film and the ridge is made better where the clad layer of 
the re-growth portion is grown as to be over the top of the protection film; the dde surfece of 
the clad layer is prevented firom oxidizing by growing the contact layer on substantially the 
whole surface on which a crystal can be grown on the re-grown clad layer; the contact resistance 
^ tjje electrode may be reduced by increasing the contact area in contact with the electrode on a 
side of the epitaxial surface. The steps for grovmig the re^growing clad layer and the contact 
layer coming over the protection film can be done independently or done in combination, 
Where the ridge is fonned by re^owth, a ridge dummy layer may be fonned which has a larger 
area than the ridge portion subjecting to current injection and in which no current injection is 
made in order to improve the composition of the ridge portion and the controUalnlity of the 
carrier concentration and growth rate. In this situation, an insulation covering layer such as an 
oxide layer or a thyristor structure is formed at a portion of the ridge dummy layer to prevent 
the current from passing. Where the current injection stripes are formed on the ofiF-angled 
substrate in a perpendicular direction as much as possible to the off direction, although the ridge 
of the re-growth becomes transversely asymmetric, the light profile that comes out the vicinity 
of the protection film and the ridge has a good symmetry, because the refractive index 
difEttence between the protection film and the clad layer of the ridge portion is easily made 
larger than the conventional block layer made of a semiconductor layer as shown in Fig. 6, and 
because the clad layer of the re-grov^ portion can be grown as to cover the top surface of tiie 
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protection fUm by selecting the stdpe direction properly, and therefore, this 2^paratus can obtain 
a fundamental transverse mode oscillation which is stable even at a high oatput stage. Thus, 
this invention i$ ^plicable to various lidge stdpe type waveguide structure semiconductor light 
emitting ^paratuses. 
[0030] 

Id accordance with the preferred embodiment of the invention, the refractive index of 
the second conductive type fixst clad layer is larger than the fefractive index of the second 
conductive type second clad layer. Therefore^ this can suppress expansion of the light profile 
(near field pattern) to the ridge portion, thereby achieving improvements in sjmmetry of the 
vertical divergence angle (iar field pattern), suppression of side peaks of hoiizontal divergence 
angle (far Held pattern), and improvements in laser property by suppressed light absorption at 
the contact layer and in the reliability. 

\^th another preferred embodiment of the invention* the antioxidant layer is formed at 
least right below the stripe shaped opening on the second conductive type first clad layer, or 
namely, at the stripe shaped opening and, preferably, on the opposite sides of the stripe shaped 
opening. This may prev^t a higih resistance layer that may increase the passing resistance 
from occurring on the re-growth boundary where the clad layer of the ridge portion is formed by 
re-growth. If ini4)uritics such as oxygen exist in a large amount at the re-growth boundary, 
light abs(^tion (heating) at the boundary due to lowered crystal quality and promotion of 
impurity diffusions through lattice defects may be induced, thereby inviting impairments on 
property and reliability. 
[0031] 

This invention is applicable to various semiconductor light emitting apparatuses, and 
the apparatus according to the invention can be combined with various embodiments as 
exemplified below. 

(1) An apparatus formed with a current block layer such as a semiconductor or 
dielectric on the outer side of the protection film constituting the opposite sides of the stripe 
shaped opening to improve cleav^ and yield during assembling and rendering the life time 
longer by reducing stresses in the ridge porticm when the apparatus is assembled with a junction 
down state. 

(2) An apparatus capable of self-excited oscillating by setting the width of the stripe 
shaped opening and the distance between the active layer and the protection film in a proper 
range and by forming the vertical divergence angle of the light in a specific range. 

(3) An apparatus formed with a structure having a ridge durrmiy region on an outer 
side of the protection film constituting the opposite sides of th stdpe shaped opening to readily 
control the thickness of the stripe shaped opening, the composition, and the carrier 
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concentration. 

As a semiconductor laser apparams to which this invention applies, the light source for 
inforroalion processing (typically, AlGaAs based (wavelength about 780 nm), AlGalnP based 
(wavelength 600 nm band), InCaN based (wavelezxgth about 400 rnn) are described, but this 
invention is also applicable to broad use (particularly, high output operation) such as a 
semiconductor laser apparatus for telecommunication, <Hher than &e above, e.g^ a signal light 
source laser for telecoimncnication (typically, having an active layer made of InGaAsP or 
loGaAs, 1 3 band, 1.5 band), a light source laser for fiber excitation (about 980 nm 
using an InGaAs strained quantum well active layer / GaAs substrate, about 1480 nm using an 
InGaAsP strained quantum well active layer / InP substrate). The laser having a spot close to a 
circle, even for telecommunication, is advantageous to the extent of raising the coupling 
efficiency with fiibei:». 
[0032] 

[Embodiments] 

Hereinafter, examples and comparative examples are described to illustrate the 
invention in detail. The material, concentration, thickness, manipulation ordfir, and the like 
indicated in the following examples are properly changeable as far as not goes beyond the spirit 
of the invention. Accordingly, the scope of the invention is not limited to the detailed 
eTcamples shown in the following exanQ|>les. 
[0033] 
IBxample 1] 

In this example, a semiconductor light emitting apparatus according to the invention 
having a cross-sectional structure shown in Fig. 1(c) was manufactured. 

On an n-type GaAs substrate 101 (n=?lxlO** cm"^) having a thickness of 350 |im and a 
major surface of (100) plane, an n-typc clad layer 102 having a thickness of 2.0 )um made of a Si 
doped Al,Ga,.xAs (x = 0.55, n 1 x 10^^ cm-); a double quantum well (DQW) active layer 106 
in which an optical guide layer 103 having a thickness of 10 nm made of an undoped Al,Gai^As 
(x = 035), a well layer 104 having a thickness of 8 nm made of an undoped AlxGai^As (x = 
0.10), a barrier layer 105 having a tiiickness of 5 nm made of an undoped A^tGai.^As (x = 0,35), 
a well layer 104 having a thickness of 8 nm made of an undoped AlxGa).xAs (x = 0,10), and an 
optical guide layer 103 having a thickness of 10 nm made of an uadoped Al,Ga,.xAs (x = 0.35) 
are accumulated sequentially; a p-type first clad layer 107 having a thickness of 030 pm made 
of a Zn doped Al,Ga|.,As (x = 0.55, p = 1 x 10'* cm"'); an antioxidant layer 108 having a 
thickness of 10 nm made of a Zn doped AlxGai^As (x - 0,2, p = 1 x 10** cm'^ were 
accumulated orderly by an MOCVD method to form a double hetero-structute (Fig. 1(a)). 

Subsequently^ a SiN, protection film 109 was deposited by 200 mn on the surface f the 
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double hetero substrate. Many stripe shaped openings 110 were opened in this SiN, film by a 
photolithographic roethod in extending in a [01-1] direction. The stripe shaped opening was 
subject to patterning during the laser chip manufacturing process so that the width of the stripe 
shaped opening became 3 pin, constant, at a center (W 2), gradually increasing towards each 
end, and 4 ptm, constant, at each eoid (cleavage facet, Wl) as shown in Fig. 3. The length at 
the center portion was 400 >un; the length of the gradually increasing portion was 30^ on each 
side; the length of the end with the unchanged width was 20 ^m on each side. 

A p-type second clad layer 111 made of a Zn doped p-type Al^GauxAs (x = 0.60, p = 1 x 
10^^ cm'^) having a height of 2.0 at a ridge center was formed on the stripe shaped opening 
110 by selective growth using an MOCVD method (Fig, 1(b)). The p-type second clad layer 
appeared to have a ridge shape in which a (3 1 1) A plane was a main facet. Subsequently, 
p-type contact layer 112 made of a Zn doped GaAs having a canier concentraticn 1x10'^ cm'^ 
was formed thereon by selective growth usin^ an MOCVD method. This contact layer was 
grown almost isotropically on the ridge shaped p-type second clad layer 111 and formed as the 
p-type contact layer 112 having a thickness of 0.5 |im as to cover the entire ridge surface (Fig. 
1(b)). 
[0034] 

With the above MOCVD method, trimethyl gallium (TMG) and trimethyl aluminum 
(TMA) were used for raw materials for EH group source, and arsixitc was used for raw materials 
for V group, where hydrogen was used for carrier gas. Dimethyl zinc (DEZ) was used for the 
p-type dopant, and disilane was used for the n-type dopant. Moreover* when the ridge is 
grown, the HCl gas is introduced at a molecular ratio of HCl / group m of 0.12, particularly, 
0,22 as a molecular ratio of HCl / TMA. 

From SEM observation, the ridge shaped p-type second clad layer was confirmed as 
formed in about 0.4 jam in covering the protection film made of SiNx as $howi> in Fig, 1. 
Although the undulation on a ridge side wall was made a little larger at the gradually increasing 
portion of the stripe width, the layer was confirmed as formed in about 0.4 ^m in covering the 
protection film at that regicm. The contact layer covered the whole surface of the ridge side 
wall at every stripe width. This could prevent the ridge shaped p-type second clad layer from 
being exposed on a surface and oxidized at the surface. There would be no problem to cover a 
part or the whole surface of the ridge side wall with a SiNx protection film likewise in a 
conventional metbod, bat in this example, no protection film made of dielectric or the like was 
formed on the ridge side surface in consideration of simplification of processing, reduction of 
contact resistance, etc. 
[0035] 

Subsequentiy, a p-type electrode 113 was deposited. After the substrate was made 
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thinner to 100 (om, an n-type electrode 114 was deposited on the substrate and was alloyed (Fig, 
1(c)), A lasex lesonator structure was fonned by cutting into chip bars by cleavage from the 
wafer thus produced- The length of the resonator was set to 500 ^jm at that time. After an 
asynunetric coating of 10 % on the front end side and 90 % on the rear end side was made, the 
bar was separated into each chip by secondary cleavage. 

After assembled in a maimer of the juncdon down» characteristics of current vs. optical 
output, current vs. voltage were measured under continuous wave (CW) at 25 "C. Very good 
characteristics of cujcrent vs, optical output^ current vs. voltage were shown^ and the threshold 
value was 1.7 V, a low value corresponding to a bandgap of the active layer, as a confirmation 
of non-existence of any high resistance layer. A series resistance was small, 4 to 5 fi, and it 
was confirmed that the contact resistance between the p-t contact layer and the p-type 
electrode was very small. The laser of this example could obtain a high output up to optical 
output 150 mW operation, have very good property such that the oscillation wavelength was 
785 nm in average; the threshold current was 20 mAin average; the slope efPsctiveness was 1,0 
mW/mA in average. The laser had a vertical divergence angle of 20* in average during the 
optical output of 50 mW and obtained the single peak far field pattern (beam divergence angle) 
as exactly designed, and it was conJEinned that the optical profile can be controlled very well. 
The horizontal divergence angle was 10* in average at the opdcal output of 50 mW, can be made 
in a size half of approximately the verdcal divergence angle, and came closer to a circle than 
that of the conventiona] high output laser. Therefore, optical loss in an opt^ca^ system can be 
reduced, and the laser property when assembled as an optical pickup and the assembling yield 
became very good since the optical axis adjustment in the horizontal <&rection is easily made, 
A good single peak with no ripple or side peak was obtained in the far field pattern in the 
horizontal direction. This may suggest that factors are not only that the stripe width is 
increased straight but also that the laser was little affected from the ridge undulation of the 
gradually increasing portion of the stnpe width because the ridge portion was grown laterally. 
It is to be noted that in this specification, "a single peak" does not necessarily mean that it 
allows a sole peak but means that no other peak having an intensity one tenth of the maximum 
peak intensity exists. According to those insults, die laser structure of the invention is useful 
for light source for writing to optical discs such as CD-R, MD, etc. In addition, it was turned 
out that the structure had high reliability (stable operation for 1000 hours or more under high 
output of 100 mW, high temperature of 60*C). Moreover; in this example, it was confirmed that 
the respective devices of each batch or between the batches had less deviation in device 
property. 
[00361 

Where the stripe width was made broader than the above example, it was turned out 
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that the almost aU devices (£d not osciUate with a singje transverse mode (sin^e peak in Ught 
intensity profile in the transverse direction) when the stripe width at the center reached 3 or 
grater. This indicates that it is desirable to set the stripe width to be 5 or less to reaUze the 
single transverse mode oscillation. 

As a result upon confirmation through a simulation of a region operable for high 
output based on tbe experimental results, it was mmed out that the effective refiractive index gap 
in the transverse direction in the active layer should be set around 5 x 10'' to 1 3 x 10 ^ 
[0037] 
(Example 2] 

Achip was manufactorcd according to substantially the same steps as in Example 3, and 
the laser was assembled in a manner of the junctionKiowrt, However, a multiple quantum well 
(MQW) active layer including nn optical guide layer having a thickness of 8 nm made of an 
undoped Al,Gai.,As (x = 035) and six well layers made of an undoped Al,Ga,.,A8 (x = 0.10) 
was formed, and a p-type first clad layer nade of a Zn doped Al,Ga,-»As (x = 0.55; p = 1 x 10" 
cm-^) having a tKckness of 035 pm was formed- The stripe shaped opening was subject to 
patterning so that the width of the stripe shaped opening became 2 ^m. constant, at a center W2. 
gradually decreasing towards each end, and 1 jun, constant, at each end Wl (cleavage facet). 
At that time, the lengtii at the center portion was 150 fUO^ the length of the gradually decreasing 
portion was SOpm on each side; the length of the end with the unchanged width was 20 ^m on 
each Bide. Except the length of the resonator in which the ridge top of the p-type second clad 
layer made of a Zn doped Al,Ga,.,As (x = 0.60; p = 1 x lo" cm"*) was 1.5 nm in height was 250 
nm, and except a symmetric coating of 32 9& on botii of the front end and the rear end was made, 
the chip was experijneotally produced by the same process as in Example 1. 
[0038) 

The laser of this example could achieve self-excitcd oscillation up to operation of an 
optical output of 10 mW or greater, and had very good property such that the oscillation 
wavelength was 785 nm in average; the threshold current was 20 mA in average; the slope 
effectives was 0.6 mW/mAii) average. The laser had a vertical divergence angle of 30^ in 
average during the optical output of 5 mW and obtained the single peak far field pattern (beam 
divergence angle) as exactly designed, and it was confirmed that the optical profile can be 
controlled very weU. The horizontal diversence angle was 15» in average during the optical 
output of 5 mW and was about a half of the vertical divergence angle, which came closer to a 
drele more than a conventional high output laser. With respect to the far field pattern in the 
horizontal direction, a good single peak with no ripple or side peak was obtained. This may 
suggest that factors are not only that the stripe width is decreas d straight but also tiiat the laser 
was Uttle affected from the ridge undulation of the gradually decreasing portion of the stripe 
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width because the ridge portion was grown laterally- According to those results, the laser 
structuie of the invention is useful for light source for reading for optical discs such as CD, MD» 
etc. In addition, it was turned out that the structure had high leliahiliiy (stable operation for 
ICKM) hours or more under output of 8 mW, high temperature of SO'C). Moreover; in this 
example, it was confirmed that the respective devices of each batch or between the batches had 
less deviation in device property, 
[0039] 

Where the center width W2 of the stripe shaped opening was made broader than the 
above example, it was turned out that the almost all devices did not oscillate by self-excitation ^ 
when the width reached 3 jam or grater. This indicates that it is desirable to set the center 
width W2 of the stripe shaped opening to be less than 3 jam to realize the self-excited 
oscillation. 

As a result upon confirmation through a simulation of a region in which the center 
width W2 of the stripe shaped opening and the thickness dp of the second conductive type first 
clad layer satisfy the self-excited oscillation condition^ it was turned out that the effective 
refractive index gap in the transverse direction in the active layer should be set around 2 x 10*^ 
to 7 X 10-^ and that Ught encroaching rate Tacx-Out to the respective ridge sides should be set to 
around 10 to 40%- 
[004O] 
[Example 3] 

In ttiis eiaiE^le, a semiconductoa: light emittijig apparatus according to the invention 
having a cross-sectional structure shown in Fig, 2(c) was manufactured. 

On a GaAs substrate 201 having a thickness of 350 pm and an off-angle of about 10 to 
15* in a [ff-1-1] A direction from (100) plane, first, a Si doped n-type GaAs buffer layer (n = 1 x 
10'® cm'*), which is not shown in Fig-2. having a thickness of 0^ |Lun, an n-type first clad layer 
202 made of a Si doped Alp.75Gao.25 As <n = 1 x 10'* cm*^ having a thickness of 1.5 pm, an 
n-type second clad layer 203 made of a Si doped {Alo^iGzojhJ^o^l^ (n 1 x 10^^ cm"^) having a 
thickness of 0.2 ^mi, a triple quantum weU (TQW) active layer 207 made of (three layers) an 
undoped Gaft44lna56P well layer 205 having a tiiickness of 5 to 6 nm sandwiched by an optical 
guide layers 204 made of an undoped ( AlojGao.s)oiJnoiP ha^dng a thickness of 50 nm or a 
barrier layers 206 made of an undoped (Alo.5Gaoj)ojlnojP having a thickness of 5 nm, a p-type 
first clad layer 208 made of a Zn doped (Ala7Gao.3)o^(X5P (p « 7 x 10^' cm ') having a thickness 
of 0.25 >mu A Zn doped p-type Gao.5lnojP antioxidant layer 209 (p = 1 x lO" cm'^ having a 
thickness of 5 tmi were accumulated orderiy by an MOCVD method to fmn a double 
h tero-structure (Fig. 2(a)). At that time, tije antioxidam layer preferably has a selected 
composition so as not to absorb light gecoerated by re-combinations in the active layer m order 
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to reduce the threshold current, but can be used as an over-saturation absorbing layer upon 
absorbing light intentionally to do self-pulsation. It is further effective to change the 
composition of the Ga,Inu,P antioxidant layer widi Ga rich side (X = 0.5 to 1) or to add Al in a 
stoaU amount ((Al3tGai.x)o.5ln<i5P. X = ^>proximately 0*1 to 0.2) to prevent t2ie light from being 
absorbed. 
[0041] 

Subsequently, a SiN^ protection film 210 as an insulator (having a refractive index 1 .9 
and wavelength 650 nra) was deposited by 200 nm on the surface of the double hetero substrate. 
Many stripe shaped openings 211 were opened in the SiNjt film 210 by a photolithographic 
method in a [01-1] B direction, which is perpendicular to the ofif-angle direction. In a general 
UI-V group co^^K>und semiconductOTp a [01-1]B direction is defined so that the (11-1) plane 
located between the (100) plane and the (01-1) plane is a plane where the V group element 
appears. The stripe shfi^d opening was subject to paueming during the laser chip 
manufecturing process so that the width of the stripe shaped opening bccaxxie 4 |xm^ constant, at 
a center W2, gradually increasing towards each end, and 5 (om, constant, at each end Wl 
(cleavage facet) as shown in Fig. 3(a), The length at the center portion was 300 pm; the length 
of the gradually increasing portion was SOiLun on each side; the length of the end with the 
unchanged width was 20 )am on each side. 
(0042] 

A ridge made of a Zn doped p-type Alo.75Gao^As clad layer 212 (p « 1,5 x 10^* cm"\ 
refractive index 3.3, wavelength 655 nm) having a ttiickness or height of 2.0 |am at the lidge 
center and a Zn doped GaAs contact layer 213 having a tWckaiess of 0,5pm, was formed on the 
stripe shaped opening 2 11 by selective growth using an MOCVD method (Fig. 2(b)), At that 
time most of the side surfaces of the ridge was (31 1) A plane or other planes close to the plane, 
and the clad layer of the re-growth portion was grown as to cover the top surface of the 
protection film serving as an insulator^ thereby allowing the contact layer to grow on 
substantially the entire surface on which a crystal can grow on the clad layer of the re-growth 
portion. Therefore, the device can make better the controllability of the light profile which 
conies out the vicinity of the protection film and the ridge, can suppress the side surface of the 
clad layer from ojddizing, and can reduce the contact resistance with the electrode by increasing 
the contact area in contact with the electrode on the epitaxial surface side. This tendency is 
remarkable where the re-growth ridge is AlGaAs, particularly where the Al content of the AlAs 
compound crystal is set 0.2 to 0.9, prefea^bly 0,3 to 0.8. 
[0043] 

With the above MOCVD method, trimethyl gallium (TMG), timethyl almninum 
(TMA)» and trinaethyl indium (TMI) were used for raw materials for IH group sourc , and arsine 
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and phosphine were used for raw materials for V group, and hydrogen was used for carrier gas. 
Dimethyl 2dnc was used for the p-type dopant» and disilane was used for the n-typc dopant. 
Moreover, when the ndge was grown, the HQ gas was introduced at a molecular ratio of HQ / 
group m of 0,2, particulariy, 03 as a molecular ratio of HQ / TMA- 

From SEM observation, the ridge shaped p-type second clad layer was con&med as 
formed in about 0.4 pm in covering ttie protection film made of SiNx as shown in Fig, 2, The 
contact layer covered the whole surface of the ridge side wall at every stripe vndth. This could 
prevent the ridge shaped p-type second clad layer from being exposed on a surface and oxidized 
at the surface. There would be no problem to cover a part or the whole surface of the ridge 
side wall with a SiNx protection film likewise in a conventiofial mediod, but in this example^ no 
protection film made of dielectric or the like was formed on the lidge side surface in 
consideration of simplification of processings reduction of contact resistance, etc. The ridg^ 
shape became slightly asymmetric transversely, not shown, due to influence of the off-angle of 
the substrate. 
[0044] 

Subsequently^ a p-type electrode 214 was deposited. After tbe substrate was made 
thiimer to 100 ^^l, an n-type electrode 215 was deposited on the substrate and was alloyed (Fig. 
2(c)) . A laser resonator structure was formed by cutting into chip bars by cleavage from the 
wafer thus [Koduced. The length of the resonator was set to 500 at that time. After an 
asymmetric coating of 10 % on tfie front end side and 90 % on the rear end side was made, the 
bar was separated into each chip by secondary cleavage. 

After assembled in a manner of the junction down, characteristics of current vs. optical 
output, current vs. voltage were measured under continuous wave (CW) at 25 **C. Very good 
characteristics of current vs. optical output, curr^t vs. voltage were shown, and the threshold 
value was 1.7 V, a low value correspontfing to a bandgap of the acdve iayer^ as a confirmation 
of non-existence of any high resistance layer. A series resistance was smalU 5 to 6 and it 
was confrnoed that the contact resistance between the p-type contact layer and the p-type 
electrode was very small. The laser of ttds example could obtain a high output up to optical 
output 150 mW operation, have very good property such that the oscillation wavelength was 
655 nmin average; the threshold current was 20 mA in average; the slope effectiveness was 1.0 
mW/mA in average. The laser had a vertical divergence angle of 23* in average during the 
optical output of 50 mW and obtained the single peak far field pattern (beam divergence angle) 
as exactly designed, and it was confirmed that the optical profile can be controlled very well. 
Ihe horizontal divergence angle was 10* in average at the optical output of 35 mW, can be made 
in a size half of approxin^Uiely the vertical divergence angle, and came closer to a circle than 
that of th conventional high output laser. With respect to the fiar field pattern in the horizontal 
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direction, a good single isolated peak was obtained without any ripple or £de peak. This is 
grounded on that not only the stripe width can be reduced linearly but also the gradually 
reduced portion in the stripe width is little affected &om undulations of the ridge portion 
because the ridge portion grows in the lateral direction. From this result* it is assumed that no 
adverse effect comes out to kink levels or the like due to slight asymmetry of the re-grown ridge 
shape, since the transverse mode is basically controlled by the SiNx protection film. Wilii 
respect to the bodzontal divergence angle, and a good single peak with no ripple or side peak 
was obtained in the fiar field pattern in the horizontal direction. According to those results, the 
laser structure of the invention is useful for light source for writing to optical discs such as DVD 
or the like. In addition, it was turned out that the structure had high reliability (stable operation 
for 1000 hours or more imder high output of 35 mW, high tempexatuie of eO'C). Moreover, in 
this example, it was confiimed that the respective devices of e^tch batch or between the batches 
had less deviation in device property. 
[0045] 

Wheiie the stripe width was made broader than the above example, it was turned out 
that the almost all devices did not oscillate with a single transverse mode (single peak in light 
intensity profile in the transverse direction) when the stripe width at the center reached 5 ^m or 
grater. This indicates that it is desirable to set the stripe width to be 5 ^m or less to realize the 
single transverse mode oscination. 

As a result upon confirmation through a simulation of a region operable for high 
output based on the expedn^tal results, it was turned out that the effective refractive index gap 
in the transverse direction in the active layer should be set around 5 x 10*^ to 1 .3 x 10"^. 
[0046] 

A chip was manufactured according to substantially the samue steps as in Example 3. 
However, a quadruple quantum well (QQW) active layer including an optical guide layer having 
a thickness of 70 nm made of an undoped (AlojGaoj)Ino^ and four well layers made of an 
undpped Gao.44lhoj6P was formed, and a Zn doped p-type ( Ala7Gao^)gi.5lnoL5P clad layer(P — 7 x 
10*^ cm"^) having a thickness of 035 fJin was formed. The stripe shaped opening was subject 
to paiterning so that the width of Che stripe shaped opening became 2 J yjn, constant, at a center 
W2, gradually decreasing towards each end, and 1.5 pm, constant, at each end Wl (cleavage 
facet). At th3t time, the length at the center portion was 250 >un; the length of the gradnaUy 
decreasing porticHi was 30}mi on each side; the length of the end with the unchanged width was 
20 Jim on each side. Except the length of the resonator in which the ridge top of the p-type 
second clad layer made of a Zn doped AJia.75Gao.25As (p = 1.5 x 10'* cm"^; refractive index 3,3; 
wavelength 655 nm) was 13 jim in height was 350 pun, and exc pt an asymmetric c ating of 
32 % on the front end and 80% on the rear end was made, the chip was experimentally produced 
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by the same process as in Example 3. 
[0047] 

The laser of this example could achieve self-excited oscillation up to operation of ao 
optical output of 5 mW or greater, and had very good property such that the oscdllation 
wavelength was 655 nm in average; the threshold current was 25 mA in average; the slope 
effectiveness was 0,5 mW/mA in average. The laser had a vertical divergence angle of 30* in 
average during the optical output of 5 mW and obtained the single peak far jSeld pattern (beam 
divergence angle] as exactly designed, and it was confirmed that the optical profile can be 
controlled very well. The horizontal divergence angle was 15** in average during the opdcal 
output of 5 mW and was about a half of the vertical divergence angle, which came closer to a 
circle more than a conventional high output laser. With respect to the far field pattern in the 
horizontal direction, a good single peak with no ripple or side peak was obtained. Ibis may 
suggest that factors are not only that the stripe width is decreased straight but also that the laser 
was little affected from the ridge undulation of the gradually decreasing portion of the stripe 
width because the ridge portion was grown laterally According to those results^ the laser 
structure of the invention is useful for light source for reading for optical discs such as CD, MD, 
etc. In addition, it was turned out that the structure had high reliability (stable operadon for 
1000 hours or more under output of 5 raW, high temperature of 70**C). Moreover, in this 
exanq^le, it was confirmed that the respecdve devices of each batch or between the batches bad 
less deviation in device property. 
[0048] 

Where the center width W2 of the stripe shaped opening was made broader than the 
above example, it was turned out that the almost all devices did not oscillate by self-eTccitation 
when the width reached 3 pm or grater. This indicates that it is desirable to set the center 
width W2 of the stripe shaped opening to be less than 3 to realize the self -excited 
oscillation. 

As a result upon confirmation through a sirrmladon of a region in which the center 
width W2 of the stripe sl^>ed opening and the thickness dp of the second conductive type first 
clad layer satisfy the self-excited oscillation condition, it was turned out diat the efiective 
refractive index gap in the transverse direction in the active layer should be set around 2x10"^ 
to 7 X 10*^ and that light encroaching rate Tacf-out to die respective ridge sides should be set to 
around 10 to 40 %. 
(0049] 
[Comparative Example] 

A laser chip was manufactured with the same conditions as in Bxan^le 1 except that 
the width of the stripe shaped opening was set to 3 ^m, unchanged, at the center and the ends. 



Received from < 3015934734 > at 1215/02 10:33:59 AM [Eastern Standard Time] 



12/05/2002 10:31 3015934734 



FELBER RESIDENCE 



PAGE 31 



Ate in a m«»er of tl» )>.«:don-*.w.. .te la«r prop^ty ■^^ur.d 

. be«. to cond.to*ly tiSp* shape, Th».. the U«. U*. l»s « *e 

r^ZU ..4 -nb^n. yield When *e .ase, « - - opdcal pKX.p 

impaired. 
[0050] 

TAdvamases of the Invention] ■ 

,p.^,,rbea™I.e,ata^ope^e.d<h»n«.h.<^,..«=en«.al-»-^*»»^^ 

s««» can be »d»ed. »d laaer proper, whe- aasen^led as a. opWJ P«=k«p and to 
:ILr.^dhe»=»v.,SO=ds,«e«„opd<^.»isadi»««..i»d..»iz»..d^^^ 

... ■ , ™ Blmna* of an lasalatoroD the rid^! side surface tan be 

ir^rr^L^se'^-"::^--'---"""^^^ 

VfiU. ,Ma sendcondacwr Ught endMog «,p»a«s. only d» smpe wdfl. 
Zdy. b« also d» sn^y P"*" •« 

n^:c^of«.e-dgeP=«io.heeansed».d^P»«lons«,wsi»*.l«-l — 
Tbe»fo». a good single isoUoedpeaica. be ea^y ob^ined „id.o« any npple or s.de pe*u, 
the far field pactem in «« honzonol dtecSon: 

Mo»o«,..»co.ding»d»i.-^^f«°^8accn.ao.uye,.s»coverjl«dd^ 
, „«ddeanrtacea a5.micondnetorUBhteni<lin»app.<an.sc«>be prov.d«l »ith«i 
Z^ltralb«™..d»co™ac.a,er..d*e...«»d.. m use of .»cb.annen«. 

:^I.::rsLace«ia,.onof «»-dgeside»rfSee of ««cl»..s^--»^^^ 
r Mo«ov«.»hena.ubs».h.vingala^ofi-a=g..«i«.n«P«»»sc^ 
pun. di^cdonsochasCltK.) is n3edforre.ded.gthe«.«l».,d> shower b,.^ 
LoaM/Odof based Visible laser. «K«n.ve™syn»«n, of .h.Ugh^^J«^^(^ 
even where He iidgeshaE«ofdK ridge wavegmda type las«isina 



12/05/2002 10:31 3015934734 



FELBER RESIDENCE 



PAGE 



mode stable up to a higb output operation and can be manufactured with a highly improved 
yield and high reliability. 

Furthermore, the seroiconductor light emitting apparams also has an advantage to 
greatly improve the production yield because manufactured with simplified processes not using 
complicated and very fine photolithography as used conventionally, 
[Brief Description of the Drawings] 

[Fig- I] It is a. cross section illustrating a manufacturing process of a semiconductor light 
emitting apparatus of a first example. 

[Fig. 2] It is a cross section illustrating a manufacturing process erf a semiconductor light 
emitting apparatus of a third example. 

[Fig. 3] It is a plan view illustrating width changes of a stripe-shaped opening at a resonator 
direction in a semiconductor light emitting apparatus acccnrding to the invention. 
[Fig. 4] It is a cross section illustrating a manufacturing process of a conventional 
semiconductor light emitting apparatus whose ridge portion is formed by etching. 
[Fig, 5] It is a cross section illustrating a manufacturing process of a conventional • 
semiconductor light emitting apparatus in which a contact layer is formed on a ridge top. 
[Fig. 6] It is a cross section illustrating a semiconductor light emitting apparatus having an 
inner-stripe structure of a ridge type or groove type using a current block layer made of a 
semiconductor. 

[Description of Reference Numbers] 

101 substrate 

102 D-type clad layer 

103 optical guide layer 

104 well layer 

105 barrier layer 

106 active layer 

107 p-type first clad layer 

108 antioxidant layer 

109 protection film 

110 stripe shaped opening 

111 p-type second clad layer 
1.12 contact layer 

113 p-typc electrode 

114 n-type electrode 

201 substrate 

202 n-type first clad layer 
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203 a-type second clad layer 

204 optical guide layer 

205 well layex 

206 barrier layer 

207 active layer 

208 p-type first clad layer 

209 antioxidant layer 

210 protection film 

211 stripe shaped opening 

212 p-type second clad layer 

213 contact layer 

214 p-type electrode 

215 n-type electrode 
Wl end width 

W2 center width 

401 substrate 

402 n-type clad layer 

403 active layer 

404 p-type clad lay^ 

405 contact layer 

406 non-ridge portion 

407 ridge pcation 
40S redst 

409 protection film 

410 p-type electrode 

411 n-type electrode 

501 substrate 

502 n-type clad layer 

503 active layer 

504 p-type first clad layer 

505 antioxidant layer 

506 protection film 

507 stripe shaped opening 

508 p-tyi» second clad layer 

509 contact layer 

510 p-type electrode 
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511 n-type electrode 

601 substrate 

602 film conductivity type clad layer 

603 active layer 

604 second conductivity type clad lay^c 

605 first conductivity type current block layer 

606 second conductivity type contact layer 

607 epitaxial side electrode 

608 substrate side electrode 

611 substrate 

612 first conductivity type clad layer 

613 active layer 

614 second conductivity type clad layer 

615 first conductivity type current block layer 

616 second conductivity type clad layer 

617 second conductivity type contact layer 

618 epitaxial side electrode 

619 substrate side electrode 
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[Fig.2] 
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[Fig.4] 
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(b) Groove 
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[pocuinsnt Naix^] Abstract of the Disclosure 
[Abstract] 

[Object] To provide a semiconductor light emitting apparatus such as a ndge waveguide type 
stripe laser realiziiig a high output operation in keeping a lov^ bperatioa current. 
[Means to solve the problems] A semiconductor light enutting apparatus at least comprising 
on a substrate: a con^und sennconductor layer containing an active layer; a protection film 
having a stiipe-shaped opening formed on the compound semiconductor layer; and a ridge type 
compoimd semiconductor layer having a smaller refractive index than the refractive index of the 
active layer, the ridge type compouiJid semiconductor layer being formed as to cover the 
stripe-shaped opening, vvherein the width of the stripe-shaped opening has a shape narrower at 
an opening end than at an opening center. 
[Selected Drawing] None 
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